This study examined the knowledge levels of prospective mathematics teachers about the concepts of degree and radian, which are among the angle measuring units that constitute the basis of trigonometry, and the relationships between those concepts. The study group consisted of 93 prospective mathematics teachers attending a state university in Turkey. Qualitative and quantitative research methods were used for data collection and analysis. 4 questions about the concepts of degree and radian were asked to the prospective mathematics teachers. The responses of the prospective teachers were categorized as correct and incorrect. Then, incorrect answers were divided into sub-categories by means of coding method and presented in tables. According to research findings, 40% of the prospective mathematics teachers defined the concept of degree correctly while approximately 90% made an incorrect definition of radian.
Introduction
It is a fact agreed by all educators that a teacher needs to have two types of knowledge before anything else in order to be successful in his/her professional life and contribute to the improvement of mathematical thinking of students (Shulman, 1986; Ball, 1991; Even, 1992; Watkins and Mortimore, 1999) . The first type of knowledge is content knowledge which includes the knowledge of teachers about mathematical subjects. Content knowledge covers the understandings and perceptions of teachers regarding the epistemology of mathematical subjects as well as definitions, axioms, undefined concepts, proof methods, relations, rules and formulas related to these subjects (Ball, 1991; Watkins and Mortimore, 1999) . The knowledge of teachers about the relationships between mathematical concepts is evaluated under this category, too. According to Shulman (1986) , content knowledge deals with two main characteristics: (1) what is the mathematical concept? (2) why does this mathematical concept have such a nature?
Trigonometry is an important subject of mathematics in the sense that it both improves various cognitive skills of students and has a large area of use in the daily life. Having a considerable area of application in astronomy and geography in particular, trigonometry is commonly used in a wide range of fields including geometry, physics, optics, electricity, cartography, and maritime (Sağlam et al., 2007) . Trigonometry provides transition from algebra to geometry. In addition, trigonometric functions and properties are used in many subjects including limit, derivative, integral, etc.
Trigonometry is an important concept in terms of the improvement of reasoning skills of students. According to the study carried out by (Tatar, Okur and Tuna, 2007) , trigonometry is one of the subjects which students have most difficulty in understanding. Trigonometry is one of the primary subjects in which students experience learning difficulty (Durmuş, 2004) . The incomprehension of the basic concepts making up trigonometry is one of the important reasons due to which students experience learning difficulty on the subject of trigonometry (Steckroth, 2007) . The concept of angle and angle measuring units are among the important constituents of trigonometry. Radian is of importance for understanding trigonometric functions in particular (Akkoç, 2008) . The comprehension of angle measuring units in trigonometry is the basis of success in trigonometry. The studies on the concept of radian, which is used for defining trigonometric functions, report that teachers, prospective teachers and students have certain learning difficulties about this concept (Fi, 2003; Orhun, 2004; Topçu, Kertil, Akkoç, Yılmaz, and Önder, 2006; Steckroth, 2007; Akkoç, 2008) .
Having an important role in understanding trigonometric functions and thus trigonometry, the concept of radian is defined as "the ratio of the length of the arc faced by central angle to the length of the radius of the circle".
Figure 1: Definition of Radian
Since the concept of radian refers to the proportion of two lengths, it is expressed with a real number. Based on wrapping function, which includes wrapping a real number line around the unit circle, one radian angle measure is obtained for each real number. Mathematicians have defined trigonometric functions over real numbers in this way (Akkoç and Akbaş Gül, 2010) . However, the degree that is obtained through the division of the unit circle into 360 equal parts is not used as the domain and range of trigonometric functions. The establishment of such a relationship between the concept of radian and trigonometric functions is of vital importance for the comprehension of trigonometric functions.
One of the important qualifications of a truly effective teacher is having sound mathematical knowledge (Farah-Sirkis, 1999) . In addition, it is the prospective mathematics teachers who will teach the units of measurement that constitute the basis of trigonometry to their students in their future professional lives. From this perspective, it is considered significant to determine whether the prospective teachers know these concepts truly, what kinds of difficulties they experience in regard to these concepts, and at which points the difficulties experienced are most common.
Method

Research Model
Since this study aimed at examining thoroughly the conceptual understandings of prospective mathematics teachers concerning the concepts of degree and radian, non-experimental descriptive research method was employed. In general terms, descriptive research is a method whereby the characteristics of the groups or individuals under examination are presented statistically (McMillan & Shumacher, 2010) .
Study Group
The present study was conducted with 93 prospective teachers attending the 3 rd and 4 th grades at the Department of Primary School Mathematics Teaching of a state university in Turkey in the 2012-2013 academic year. The study group was made up of prospective teachers who succeeded in the courses of Analysis and Special Teaching Methods. In addition, individual interviews were conducted with 5 pre-service teachers so that rich data could be obtained.
Data Collection
4 open-ended questions were prepared in order to examine the conceptual knowledge of the prospective primary school mathematics teachers about the concepts of degree and radian, which were among the units of measurement. The questions were as follows: What do you understand from degree and radian? How many radians are there in a circle? What kind of a relationship is there between degree and radian? The opinions of 3 specialists who worked in the field of geometry teaching were taken during the preparation stage of questions. Data were collected from prospective teachers in written at the end of the fall semester of the 2012-2013 academic year. Prospective teachers were requested to answer the above-mentioned questions in approximately 45 minutes.
Data Analysis
Collected to determine the understandings of prospective mathematics teachers concerning the concepts of degree and radian, data were subjected to descriptive data analysis whereby the answers given to each question were analyzed in detail. Initial evaluation focused on the mathematical correctness or incorrectness of the answers given. Then, incorrect answers were divided into sub-categories. Obtained categories can be found in the findings section of this paper.
Findings
This section includes the findings about the conceptual knowledge of prospective mathematics teachers regarding the concepts of degree and radian.
Question 1: What do you understand from degree, which is an angle measuring unit? Write your opinions.
The Table 1 shows the findings pertaining to the definitions made by prospective teachers in regard to the concept of degree. Other answers
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As is seen in the Table 1 , 60% of the prospective mathematics teachers made a correct definition of the concept of degree by saying, "it is of the unit circle" while 40% of the prospective teachers defined the concept incorrectly.
The examination of such incorrect definitions reveals that 15% defined the concept by saying, "it is 1/360 of any circle", 10% expressed it as "the angle between two straight lines", 9% thought, "it is the measure of the angle facing the unit length", and 4% came up with other incorrect definitions.
Question 2: What do you understand from radian, which is an angle measuring unit? What kind of relationship is there between degree and radian? Justify it.
The Table 2 shows the findings pertaining to the definitions made by prospective teachers in regard to the concept of radian. As is seen in the Table 2 , only 8% of the prospective mathematics teachers made a correct definition of the concept of radian by saying, "1 radian is the ratio of the length of the arc faced by the angle to the length of the radius". Approximately 90% of the prospective mathematics teachers defined the concept incorrectly.
The examination of such incorrect definitions reveals that 39% defined the concept by saying, "it is the expression of degree in terms of π", 34% expressed it as "the unit of length of degree", and 24% said, "I just know the formula of , I do not know what radian is". Although 40% of the prospective mathematics teachers know the relationship between degree and radian, only 8% know what radian is. This is a really remarkable finding.
Question 3: How many radians are there in a circle? Write your opinions.
The Table 3 shows the answers of prospective teachers in regard to the number of radians in a circle. As is seen in the Table 3 , only 17% of the prospective mathematics teachers indicated the number of radians in a circle correctly by saying there are radians in a circle. Approximately 80% of the prospective mathematics teachers indicated the number of radians in a circle incorrectly. 28% mentioned the number of radians in a circle as 360, 11%s said 2160, and 37% came up with other values.
Question 4:
Based on what are given in the figure, what is the length (cm) of the radius of the circle with O center?
The Table 4 presents the findings pertaining to the answers given by prospective teachers to the fourth question. As is seen in the Table 4 , only 14% of the prospective mathematics teachers found the length of radius correctly by giving the answer of "6.5 cm" to the 4 th question which was prepared in order to measure the knowledge levels of the prospective mathematics teachers concerning radian. 31% of the prospective teachers found the length of radius as 13 by mistaking 3 radians as 3 degrees, 25% indicated it as 195 cm, and 30% came up with other wrong values. The answers given to that question clearly show the deficiency of the conceptual knowledge of prospective mathematics teachers concerning the concept of radian. Although the measure of angle was given in terms of radian in the question, the prospective teachers preferred to find the result by taking it as an expression of degree.
Conclusion and Discussion
This study examined in written the knowledge levels of prospective mathematics teachers about the concepts of degree and radian that constitute the basis of trigonometry. Based on the research findings, it is concluded as follows:
• While 60% of the prospective mathematics teachers defined the concept of degree correctly, 40% made some incorrect definitions of the concept including "the angle between two straight lines", "the measure of the angle facing the unit length", etc. This shows that prospective mathematics teachers have not understood the concept of degree absolutely.
• Interestingly enough, only 8.6% of the prospective mathematics teachers were able to provide a correct definition of the concept of radian. Approximately 90% of the prospective mathematics teachers made such incorrect definitions of radian as, "The expression of degree in terms of π", "The unit of length of degree", and were seen to associate radian with " ".Another research finding is that when the value of any angle was given in terms of radian, the prospective mathematics teachers performed operations by mistaking that value as degree, and they failed to display the same performance as the one achieved with degree in radian. This demonstrates that the prospective teachers are more familiar with degree in comparison to radian. This result is reported by some other researchers, too (Steckroth, 2007; Akkoç, 2008) .
• The literature review shows that students have considerable difficulty and misconception on the subject of trigonometry (Kendal & Stacey, 1997; Orhun, 2000; Doğan, 2001; Demetgül, 2001; Kong, 2003; Weber, 2005; Martinen & Siearre, 2005) . It is probable that one of the most important reasons of this situation is that prospective teachers do not have a sufficient comprehension of the concepts of degree and radian that constitute the basis of trigonometry. It goes without saying that such knowledge deficiency will have a negative effect on the achievements of the students who are going to be taught by these prospective teachers in their professional lives (Even, 1988; Wilson, 1994) .
Based on the research findings, the following recommendations are put forward:
Visual and exploratory activities should be arranged for students during the coverage of the subject of trigonometry in order to make them comprehend the concepts of degree and radian. Students should be made to understand well that the central angle facing the arc that is equal to radius in length in a circle is called 1 radian. They should be taught that the number of radians in a circle is 6.28 which can be found by writing 3.14 (approximate value) instead of . This is important in terms of making students notice that radian is a concept different from π. Furthermore, students should be made to comprehend that real numbers may be expressed by radian through exercises including the calculation of degree which 1 radian corresponds to or the calculation of the degree which 3.14 radians correspond to. Then, students should be made to realize that π radians=180˚
